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Abstract 10 
This work presents a critique of the environmentally-extended input-output (EeIO) methodology for 11 
analysing the environmental and socio-economic impacts of food systems in order to address food 12 
waste problems. We applied EeIO analysis to estimate environmental and economic factors embodied 13 
in Australian food waste. The scope of the study does not include the impacts of food use nor end-of-14 
life waste treatment. The impact of imported food was considered the same as Australian produced 15 
food. Results indicate that Australian food waste represents 9% of total water use, 6% of GHG 16 
emissions, 1% of surplus and 1% of compensation to employees. The analysis shows that the method 17 
is adequate to analyse environmental and socio-economic aspects of food waste. The main benefits of 18 
EeIO are that it provides inclusive information of all actors in the food supply chain, includes all 19 
products available, enables analysis of environmental and economic indicators together, and provides 20 
a consistent framework for analysis, consistently defining system boundaries. Through the exercise 21 
we identify key aspects to consider when analysing food waste consequences. 22 
Highlights: 23 
- Food waste generated in Australia embodied 9% of total water use in Australia 24 
- Australia’s food waste embodied 1% of surplus generated in Australia 25 
- EeIO analysis is suitable to analyse environmental and economic aspects of food 26 
Key words: Food losses, Wastage, Australia, Footprint, Waste 27 
1. Introduction 28 
The aim of this study is to critique the environmentally-extended input-output (EeIO) methodology 29 
for analysing environmental and socio-economic impacts of food systems in order to address food 30 
waste problems. In doing so, we applied EeIO analysis to estimate environmental and economic 31 
factors embodied in Australian food waste.  32 
Considering that globally 30% of the food produced is wasted (Gustavsson et al., 2011) and that food 33 
production is one of the major activities causing environmental damage (Rockström et al., 2009), 34 
current literature seems to be in consensus that a reduction of food waste will produce environmental 35 
benefits (Chapagain and James, 2011; Gustavsson et al., 2011; Kummu et al., 2012; Liu et al., 2013; 36 
Reay et al., 2012). Furthermore, it is not only in academia that a reduction of food waste is believed to 37 
deliver positive environmental outcomes, as the topic is gaining a high public profile in policy 38 
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briefings, associated media campaigns and social movements (see for example www.wrap.org.uk, 39 
www.eu-fusion.org and http://www.refed.com/). 40 
 41 
However, there has been little research into whether there is a causative link between reducing food 42 
waste and harvesting positive environmental outcomes (FAO, 2014a). Until now, research has 43 
focused on quantifying resources embodied in food waste (Mourad, 2016), which provides 44 
information on the magnitude of the issue, but does not enable inference of possible economic 45 
scenarios of food waste reduction, nor the associated environmental consequences (Rutten, 2013). 46 
From an economic perspective, a reduction of food waste will result in winners but also losers, and 47 
perhaps more importantly this raises the question of whether a reduction of food waste would result in 48 
beneficial impacts (Parry et al., 2015; Rutten, 2013). A reduction of food waste will generate trade-49 
offs inherent to any reduction in food production, in which the prospect of improved environmental 50 
outcomes could trade off against the prospect of loss of regional economic activity and welfare. The 51 
food supply chain and the economic system reacts nonlinearly to supply and demand changes, and the 52 
effect of a reduction in food waste needs to be studied further in order to understand its wider impacts. 53 
Outcomes of food waste reduction are highly dependent on quantities of product avoided to be 54 
wasted, the stage in the supply chain where the savings are created, and to what cost the savings are 55 
being achieved (FAO, 2014b; Rutten, 2013). 56 
In order to understand the environmental and socio-economic consequences of food waste, it is 57 
necessary to account for all the inputs of food production, and the inputs that are utilised to produce 58 
those first inputs, and so on until every contribution has been accounted for. This approach is 59 
commonly referred as life cycle assessment (LCA), and intends to capture all the resources used 60 
through the ‘life cycle’ of a product (Horne et al., 2009).  LCA studies usually consider environmental 61 
resources, but the technique can be adapted to study any type of resource or emission. 62 
There are broadly two methods to perform LCA: process LCA and input-output (IO) LCA. Their 63 
weaknesses and strengths are broadly explained below and presented in Table 1. There are also hybrid  64 
LCA methods which are a mixture of process analysis and EeIO (Suh and Huppes, 2005).  65 
Process LCA studies the inputs of a specific product or process by directly gathering the data from 66 
producers. This generates a highly detailed and specific set of data, which is one of its strengths. It 67 
also means that researchers need to set a boundary for the analysis. This inevitably excludes some 68 
processes, and also results in studies that have different system boundaries, which produces 69 
inconsistency between studies and makes it difficult for comparison and benchmarking (Finnveden et 70 
al., 2009). 71 
Information obtained by process LCA is often stored in databases. This information is then used to 72 
produce whole-region or global studies on food production impact. By doing so, the assumption that 73 
the processes under study are similar to the one studied to generate the database is taken, which could 74 
lead to errors. Agricultural activity has been reported to have diversity of practices and the resources 75 
utilised in the production of the same commodity varies widely between farmers (Horne et al., 2009), 76 
making it difficult to reliably extrapolate results.  77 
In contrast, IO analysis is a top-down technique that uses financial data arranged in input-output 78 
tables. IO was developed by Wassily Leontief in the 1930s (Leontief, 1970; Leontief, 1966), and is 79 
now an established method of expressing economic data, being part of the United Nations’ system of 80 
national accounts (1999). To perform environmental analysis (EeIO), input-output tables are extended 81 
by the addition of rows which reflect the environmental exchanges (e.g. the use of resources or 82 
emissions of pollutants) of each corresponding economic sector. It allows the evaluation of 83 
relationships between economic activities and environmental resource utilized, or consequentially 84 
emitted, because the analysis relies on financial data. Analysis from EeIO provides information on 85 
resources used (or emitted) by dollar spend in a certain sector, accounting for all supply chain 86 
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emissions. Extensive literature can be found on IO analysis, its uses, advantages and disadvantages 87 
(see for example Kitzes, 2013; Miller and Blair, 2009; Murray and Wood, 2010)  .  88 
Input output analysis enables evaluation of environmental and socio-economic factors together, and is 89 
the stepping stone to nonlinear economic models which can serve as a tool to analyse market 90 
behaviour. Its major weakness is the level of detail at which the evaluation can be performed.  91 
Because it relies on IO tables, it is restricted to their structure in terms of sectoral and spatial detail, 92 
which may be quite coarse. 93 
EeIO analysis has been used to account for water and energy use and GHG emissions for several 94 
countries, regions, and industries (see for example Carrazco el al., 2013; Ewing et al., 2012; Guan and 95 
Hubacek, 2008; Lenzen, 1998, 2009; Wood and Dey, 2009). 96 
From the characteristics discussed above and presented in Table 1, and for the purpose of analysing 97 
the consequences of food waste, EeIO analysis has six major strengths when compared with process 98 
analysis: 99 
- System boundaries: EeIO tables evaluate the environmental exchanges associated across the 100 
full life cycle of any product. This includes all supply chain effects avoiding the need for 101 
defining a boundary for analysis (Murray and Wood, 2010).  102 
- Whole supply chain inclusion: Because food waste can occur at any stage of the food supply 103 
chain, and the food supply chain has various actors, the fact that EeIO is inclusive of all 104 
formal economic activity is positive for this research. 105 
- Socio-economic indicators: because it is based upon economic data, the technique allows 106 
research on socio-economic indicators without significant extra effort.  107 
- Final demand data: The technique implicitly includes data on final demand food purchased, 108 
thus allowing us to understand the final destination of a product (e.g. internal consumption 109 
versus exports) and contrasting food waste values of households against total purchased. 110 
- Effort to obtain results: IO provides results for all products in a certain region. In contrast, the 111 
effort to obtain the same information for process analysis would be really time consuming.  112 
- Consistency: Policy makers need to be able to evaluate the effect of different actions under a 113 
consistent framework. Due to the fact that EeIO is an established technique and that system 114 
boundaries and inclusions are well defined, it provides a consistent framework for policy 115 
makers. 116 
  117 
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Criteria Process Analysis EeIO 
Base information Specific material flow analysis for each item under study. 
Economic data for the whole territory 
under study. 
General use Detailed description of a product/process life cycle. Whole sector or industry footprint. 
Main data gathering 
process Bottom-up. Top-down. 
Strengths 
Highly detailed information for a specific 
product and process, intuitive for experts, 
reveals useful process information. 
Includes all products and processes 
that are part of the economic activity, 
once established quick to use and 
includes economic and environmental 
data. 
Weaknesses 
High compilation effort, possible important 
contributors left out of the analysis, usually 
important data gaps so plenty of 
assumptions. 
Depends on economic agencies 
capacity to produce IO tables, 
typically coarse aggregation of 
products/industries, typically out-of-
date data. 
Fo
o
d 
sy
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em
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Supply chain 
coverage 
Limited to system boundary selected by 
each study. 
Inclusive, considering all 
contributors. 
Consistency of supply 
chain coverage 
between studies 
Inconsistent, depends on each study. Consistent, is the same coverage for 
every study. 
Data quality 
High quality data when obtaining data from 
source. Medium quality when using data 
bases. 
Generally coarse, as sectors/products 
are highly aggregated. 
Range of 
products/activities Limited to the products studied. 
Include all products/services part of 
the economic activity. 
Indicators included Usually only environmental factors. Environmental and socio-economic factors. 
Interregional analysis Limited due to data compilation effort. Possible - several global databases 
available. 
Effort to obtain 
results once database 
is established 
High - researchers need to understand 
system boundaries and production 
techniques included. 
Low - method is well established. 
Final demand data Not present Present 
 119 
The scope of this study includes resources utilised up to the point of consumption (consumer 120 
purchase). That is, resources utilised to grow, handle, store and manipulate in any way food along the 121 
food supply chain are accounted for until the point in which food is bought by the final consumer. 122 
Impacts of cooking or treating food waste are outside of the scope of this study. 123 
For this study, we have adopted the Gustavsson et al. (2011) definition of food waste, which 124 
considered food waste as any product intended for human consumption that for any reason was not 125 
eaten. Taking into account food waste data available, food waste for this study includes waste 126 
generated at all levels of the economy, including at the consumer level. This excludes any product that 127 
was left in the field, because this is not formally considered part of the economic activity and feed. 128 
We are using the term food waste to describe waste from all stages of the food supply chain. 129 
The Waste Resource Action Plan (WRAP, 2009) classifies food wasted into three categories: 130 
avoidable, unavoidable and possibly avoidable.  Avoidable food waste refers to food that at some 131 
stage can be eaten.  Unavoidable food waste is waste that was never intended to be eaten (e.g. tea 132 
bags, banana peels, chicken bones).  Possible avoidable food waste refers to food that in some cases 133 
can be eaten, depending on food preparation and culture (e.g. potato peels, animal intestines). To 134 
Table 1: Main characteristics of process and environmentally extended input-output analysis, with emphasis on 
their features to perform food system analysis. 
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determine the potential of food waste reduction, and its effects, this classification has to be taken into 135 
consideration.  136 
There is limited published information about environmental resources and impacts embodied in food 137 
waste. Table 2 summarises available studies on the subject. Most analyses have used process LCA to 138 
quantify environmental resources embodied in food waste, and the products and stages in the food 139 
supply chain to be considered as producing food waste are diverse. For example, three studies 140 
considered food waste produced only at retail, services and consumer level and three considered all 141 
sectors to produce food waste. Food types included also varied, with plant based food being included 142 
in all studies. Disaggregation of results also fluctuates between studies, from presenting only one 143 
disaggregation to 100. In terms of environmental data base used, for GHG emissions all studies but 144 
Reynolds et al. (2015) had to obtain their data through various sources from the literature. In contrast, 145 
for water use, most studies used the same data source, though, they adopted different water 146 
definitions2. This disparity in the methods utilised provides significant challenges for comparing 147 
results and benchmarking studies. 148 
Reynolds et al. (2015) is the only study to use EeIO to obtain results on environmental issues around 149 
food waste.  That work used EeIO to investigate the environmental impacts of ‘rescue food’ (food 150 
directed to charities instead of going to waste).  In this work we aim to extend that study by critiquing 151 
the EeIO method for analysing food waste consequences, as well as presenting the first ever 152 
evaluation of the socio-economic and environmental consequences of Australian food waste.  153 
                                                     
2
 Water footprint organization defines three types of water: 1) blue - fresh surface and groundwater, 2) green - rain water 
stored in the soils and utilised by plants and 3) grey - amount of fresh water needed to dilute contaminated water. It also 
defines crop water as the amount of water (blue and/or green) that a crop needs to develop. 
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Food products 
Sectors 
producing food 
waste FW category 
Regional coverage 
for food waste 
producer 
Analysis included 
Study Method Primary environmental data base 
Primary food 
waste data base 
W
a
t
e
r
 
G
H
G
 
E
n
e
r
g
y
 
F
e
r
t
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z
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r
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e
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n
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c
 
Reynolds et 
al. (2015) EeIO 
Water (do not indicate water definition): FAO  
GHG: Edgar database 
Processed with EORA input output tables 
Collected by the 
researchers All (1) 
Manufacturing & 
service sector, 
only ‘rescue 
food’ (1) Avoidable (1) Australia (1) x x x       
Chapagain 
& James 
(2011) 
Process 
analysis 
Water (blue and green water): Chapagain and Hoekstra (2004) 
GHG: various sources 
WRAP (Quested 
& Johnson 2009) All (41) Household (1) 
Avoidable & 
possible 
avoidable (2) UK (1) x x         
FAO (2013) 
Process 
analysis 
Water (blue): Water Footprint Network (Mekonnen and Hoekstra (2011) 
GHG: literature review 
Land: ProdSTAT (FAOSTAT production data) 
Non-agricultural phases were not accounted 
Gustavson et al. 
(2011) 
All but sugars, tree 
nuts & animal fats 
(21) All (5) All (2) Global (21) x x     x   
Kummu et 
al. (2012) 
Process 
analysis 
Water (blue): Mekonnen and Hoekstra (2011) 
Land: FAOSTAT 
Fertilizer: ResourceSTAT (FAO 2011) 
Gustavson et al. 
(2011) Plant base food (4) All (5) All (1) 
Global (doesn’t state 
number) x     x x   
Liu  et al. 
(2013) 
Process 
analysis 
Water (blue and green): Liu (2007) 
Land: Not stated 
Generated by 
literature review Plant base food (5) All (5) All (1) China (1) x       x   
Ridoutt et 
al. (2010) 
Process 
analysis 
Water (Blue, green, grey): Calculated using CropWat and USDA soil 
conservation Service method 
Collected by the 
researchers Mango (1) 
Distribution, 
retail & 
consumption (3) All (2) Australia (1) x           
Vanham et 
al. (2015) 
Process 
analysis 
Water (blue and green): Water Footprint Network (Mekonnen and 
Hoekstra (2011) 
Nitrogen:  Leip et al (2014) 
Calculated in the 
paper All (17) All (1) Avoidable (1) European Union  (1) x   N   
Scholz  et 
al. (2015) 
Process 
analysis GHG: various sources 
Collected by the 
researchers 
Perishable products 
(not stated)  Retail (1) All (1) Sweden (1)  x     
Heller & 
Keoleian 
(2015) 
Process 
analysis 
GHG: Generated from various sources. U.S.-based data are limited, and 
thus this meta-analysis includes data from other developed countries LAFA (2010) All (100) 
Retail & 
consumer (2) All (2) USA (1)   x         
Katajajuuri 
et al. (2014) 
Process 
analysis GHG: Generated from various sources 
Collected by the 
researchers All (8) 
Food providers, 
retail & 
consumption (9) Avoidable (1) Finland (1)   x         
Cuellar and 
Webber 
(2010) 
Process 
analysis Energy: Generated from various sources USDA All (17) 
Retail, service & 
consumption (3) All (1) USA (1)     x       
Grizzetti et 
al. (2013) 
Process 
analysis 
Nitrogen: LCA Food Database (Nielsen et al 2003), assumes same 
indicators per group of products 
Gustavson et al. 
(2011) 
All but sugars, tree 
nuts & animal fats 
(11) Consumption (1) All (1) European Union  (1)       N     
This work EeIO 
Water (blue and green water): FAO 
GHG: Edgar 
Processed with EORA input output tables Reynolds (2013) 
All but fish, seafood 
& bakery (34) All (2) All (1) Australia (1) x x       x 
Table 2: Available studies on the quantification of resources embodied in food waste and their primary method, scope and impacts assessed. Numbers in parenthesis and italic provides 
information on disaggregation of results for the specified category. The last row indicates the scope of this study. 
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2. Methodology 154 
EeIO analysis was tested as a valid approach to analyse the environmental and socio-economic 155 
impacts of food production and food waste by utilizing EORA (Lenzen et al., 2012; Lenzen et al., 156 
2013) as a source of IO data. Standard EeIO tools to perform IO LCA were applied. Figure 1 provides 157 
a schematic representation of the method, identifying the key data sources. Table 2 shows how this 158 
research methodology compares with published methods. The environmental factors studied were 159 
water use and greenhouse gas (GHG) emissions.  The socio-economic factors were the net surplus 160 
and compensation to employees. The analysis is undertaken for Australia as a whole. 161 
Water use and GHG emissions have been chosen as environmental indicators because they are a high 162 
priority concern for the food industry (Lenzen, 2002; Page et al., 2012),  they are the most widely 163 
used environmental indicators both in scientific and non-scientific contexts (Lenzen, 2002), and they 164 
are part of the chosen model.  165 
Net surplus and compensation to employees have been chosen because they are widely used and 166 
included in the model.  As defined by the European Commission (2009) “Net surplus measures the 167 
surplus or deficit accruing from production before taking account of any interest, rent or similar 168 
charges…”. Compensation to employees is defined as “total remuneration, in cash or in kind, payable 169 
by an enterprise to an employee in return for work done by the latter during the accounting period” 170 
(1999). Even though compensation to employees is measured in economic terms it is considered a 171 
social indicator (Foran et al., 2005). 172 
Australian final demand is defined as purchases that lead to non-economic activities; this includes 173 
household consumption, government final consumption and not-for-profit organizations. Imported 174 
foods are considered to have the same embodied resources as Australian produced food. Food 175 
produced for export is considered in the analysis. However, the impact of waste generated from the 176 
consumption of that food is not considered, because it is wasted outside of Australia.  177 
For presentation of results, industries were grouped by industry type. The classifications can be found 178 
in the Supplementary Information. 179 
 180 
Figure 1: Representation of the methodology used for estimating food waste cost and embodied water 
consumption, GHG emissions, surplus and compensation to employees (CoE). White boxes represent data 
sources and the grey squares represent results. 
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2.1. Data Sources 181 
2.1.1. EeIO data 182 
The EORA database was the chosen IO table because of its completeness (incorporating economic 183 
and environmental indicators) and accessibility (Lenzen et al., 2012; Lenzen et al., 2013). This 184 
database comprises a balanced world IO table and includes specific IO tables for several countries, 185 
including Australia. It complements the economic data with several environmental indicators such as 186 
water and GHG emissions. Financial data to construct EORA has been taken from several sources 187 
such as the UN System of National Accounts, Eurostat and country level IO tables. Information on 188 
EORA data base, its data source and its compilation process is available from Lenzen et al., (2012), 189 
Lenzen et al., (2013) and at http://worldmrio.com/.  For Australia, the economic information is 190 
presented in a symmetrical supply use format and presents 345 products/sectors and one region for the 191 
whole of Australia. The main dataset used in this research was “main v199.74”. All data is for the 192 
year 2000. This is due to data availability.  193 
Water factors are available in EORA version “Virtal water 600.61”. We selected “total water” as the 194 
indicator. This comprised ‘crop water and blue water use’, which includes superficial and ground 195 
water use by any economic activity and water available to plants through soil moisture by 196 
precipitation. The original source of water data is FAO's AQUASTAT database.  197 
GHG emissions data utilised is total (including land use, land-use change and forestry sector) and is 198 
provided in CO2-e. The original source of GHG emissions is the “Emission Database for Global 199 
Atmospheric Research (EDGAR)”. 200 
2.1.2. Food waste data 201 
Food waste data was sourced from Reynolds (2013).  This data set includes food waste that has been 202 
disposed of via formal solid waste disposal routes (e.g. no backyard composting, feeding to animals, 203 
food rescue or sewer disposal). The data source includes avoidable and unavoidable food waste, but 204 
does not make distinction between them. Because of the data source inconsistencies, the categories of 205 
fish, seafood and bakery food were excluded from this analysis. Supplementary information provides 206 
the list of food waste types used and their grouping used for presentation purposes.  207 
 208 
2.2. Method 209 
2.2.1. EeIO multipliers 210 
Multipliers were obtained utilising the Leontief inverse:  211 
m = q # L  212 
where m is the multiplier, q represents the factors intensity and L the Leontief inverse (# represents 213 
element wise multiplication). Further explanation of this method can be found elsewhere (Miller and 214 
Blair, 2009). 215 
2.2.2. Quantifying the cost of food waste 216 
The weight of food waste by type (W), was multiplied by the price per weight of the associated food 217 
type () to obtain the value of food waste (  =	 ∗ ). The gross production value of food 218 
products was divided by the weight produced to find a price per weight. Gross production values 219 
(constant price 2004-2006) and production quantities were mainly sourced from the FAOSTAT 220 
database (Food and Agriculture Organization of the United Nations, 2014), but we also use Australian 221 
Government and industry reports (ABARES, 2012, 2011; DAFF, 2010).  Australian prices were 222 
converted to US$ using the calendar year average exchange rate for 2008-9 of $0.8769 (Westpac, 223 
2013). 224 
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2.3. Quantifying the embodied resources of Australian food and food waste 225 
The water, greenhouse gas, net surplus and compensation to employees embedded in food and food 226 
waste (P	, P	, P	 and P	) were obtained by multiplying the value of food () and food 227 
waste (K) by the total impacts per dollar of product (m			 , m	 , m	, 	)  (e.g. 228 
P	 =	K ∗ m	).  229 
3. Results and discussion 230 
3.1. Value of Australian food waste 231 
We found that in 2008, Australia wasted AU$ 5.7 billion worth of food. This figure is comprised of 232 
Australian final demand wasting AU$ 3.1 billion of food, while the food processing industry wasted a 233 
further AU$ 2.6 billion. Baker (2009), through an online survey with 1,603 respondents, has estimated 234 
the value of Australian household food waste at AU$ 5.2 billion. Though similar, both figures cannot 235 
be directly compared because our account does not consider fish, sea food or bakery products, which 236 
are expensive food items. Also because of the nature of the survey, the value reported by Baker 237 
(2009) is likely to be the value of only avoidable food waste. There is no equivalent national estimate 238 
of the cost of Australian industrial food waste published. 239 
3.2. Food system and food waste contribution to Australian footprints  240 
Figure 2 summarises the food system contribution to the Australian footprints for the four 241 
environmental and socio-economic categories studied, namely water used, GHG emissions, surplus 242 
and compensation to employees. For the economy as a whole, the significance of resources used or 243 
consequentially emitted to produce food varies considerably between indicators. Overall, it can be 244 
seen that water used and GHG emissions embodied in food production are more significant than the 245 
socio-economic factors studied. For example, for water, 61.2% of total Australian use is for food 246 
production. By contrast, only 4.3% of total compensation to employees is related to the food supply 247 
chain. 248 
Following the same trend as for total resources embodied in food, water and GHG emissions in food 249 
waste are more significant for the economy as a whole than surplus and compensation to employees. 250 
Water embodied in food waste was calculated to be 8,980 GL, which represents 9.1% of total water 251 
use in Australia, with final consumers being responsible for wasting 53% of it. This is comparable 252 
with Liu et al. (2013), who showed that 14% of China’s water footprint is embodied in food waste 253 
(these estimates include only plant based food). Our results are also comparable with the findings of 254 
Chapagain and James (2011), who calculated that 6% of the UK water footprint is embodied in 255 
household food waste. Though this number is not directly comparable as they accounted only for 256 
avoidable and possible avoidable food waste. Other available studies on food waste water footprint 257 
are difficult to compare as they account for only blue water, or their inclusions are too dissimilar. 258 
GHG emissions embodied in food waste were estimated to be 57,507 Gg CO2-e, which represent 6% 259 
of total Australian GHG emissions. GHG emitted because of food waste produced by final demand 260 
represents 2.8% of total GHG emissions of Australia. This finding compares well with findings for the 261 
UK, in which 3% of total GHG emissions were emitted to produce household avoidable and possible 262 
avoidable food waste (Chapagain and James, 2011), Finland where 1% of their total emissions were 263 
emitted because of  avoidable food waste generated along the food supply chain (including 264 
consumers) (Katajajuuri et al., 2014), and the USA in which 2% of their total GHG emissions are 265 
attributed to  distribution, retail and consumption food waste (Heller and Keoleian, 2015). As stated in 266 
Table 2, the methodologies for these studies differ with the present study in their accounting for GHG 267 
emissions. They all performed process LCA, which potentially leaves significant GHG emissions 268 
sources unaccounted. 269 
The total surplus embodied in Australian food waste was AUS$ 1.2 billion and total compensation to 270 
employees  AUS$ 2.0 billion, which for both indicators represents approximately 1% of the total. 271 
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Because of the lack of research in this field, there is no published information to compare with these 272 
results. 273 
EeIO not only provides insight on resources utilized to produce food, and embodied in food waste, but 274 
also indicates the destinations of such products, providing information on final demand. For example, 275 
39.2% of water use in the Australian economy is embodied in exported food products. This 276 
methodology thus allows us to understand the socio-economic significance, and to incorporate post-277 
consumer information into the analysis.  278 
3.3. Food supply chain contribution to impact footprints 279 
Environmental and economic factors influence the food footprints at different stages of the food 280 
supply chain (Figure 3). Most water use and GHG emissions (71% and 79%) are incorporated at the 281 
farm level. Food industry contributes 27% of the total water footprint for food, while for GHG 282 
emissions, the service and meal providers contribute 20% of the total. Most of the contributions of 283 
surplus and compensation to employees to the food footprint occur at the later stages of the supply 284 
chain, by the service and meal providers (49% and 73%). Agricultural activity makes little 285 
contribution to the total compensation to employees embodied in food, but it contributes more 286 
significantly in terms of surplus generation. 287 
EeIO enables us to analyse the whole food supply chain, presenting results that are not limited by any 288 
system boundaries. It also enables differentiation of the stages of the food supply chain, which allows 289 
to further investigate the consequences of reducing food waste at the different stages. For example, for 290 
water use, a reduction in food waste at the farm level will have almost the same effects as at the 291 
consumer level, because most of the water footprint of food is incorporated at the farm level. In 292 
contrast, a reduction of food waste at the consumer level will have a bigger effect on compensation to 293 
employees than if that food waste is reduced at the farm level. Overall, this analysis shows that the 294 
consequences of reducing food waste at the different stages of the food supply chain will have varying 295 
effects over the four impact categories, and EeIO helps to understand the trade-off’s that will occur.  296 
3.4. Food waste footprint by category 297 
Figure 4 presents the relative contributions of the different product categories to the total food waste 298 
footprint. It can be clearly seen that the relative contribution of each food waste category to the total 299 
food waste footprint varies across the impact categories. For example, meat waste has a greater 300 
influence over GHG emissions (49%) than fresh water footprint (25%). The opposite is true for dairy 301 
and eggs (8% of GHG emissions and 30% of water). Compensation to employees and the cost of food 302 
waste are strongly related, with every food category representing a similar fraction. These results 303 
illustrate that food waste reduction will have different effects on the four categories studied, 304 
depending on the food product wasted. It is thus important to consider the separate food types when 305 
analysing the issue of food waste. 306 
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 312 
 313 
 314 
315 
Figure 3: Use of resources in Australian food production, differentiating by food supply stage that 
resources are incorporated. 
Figure 2: Water, surplus and compensation to employees embodied in, and GHG emitted 
because, food production, food waste and other activities. 
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  316 
Figure 4: Water, surplus and compensation to employees embodied in, and consequential emissions of, food waste 
together with cost and mass of Australian food waste by different food groups.  
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3.5. Methodological improvements 317 
There are several methodological issues that need to be considered in order to improve future work. 318 
They are in regard to food waste data, valuation of food waste, scope of the assessment and EeIO data 319 
source.  320 
The food waste data used in this research only considers food wasted through municipal collections. 321 
That is, food disposed through the drain, composted or given to pets is not considered. Also, it does 322 
not consider food that is left in the field. As such, the dataset under-estimates Australian food waste 323 
production. The research has also not taken into consideration the avoidable and unavoidable 324 
classification of food waste. This classification is fundamental to better understand the potential 325 
benefits of reducing food waste. 326 
This study has assumed that all food waste generated in Australia was from food produced in 327 
Australia. This is not the case, as 8% of food available to Australian consumers is imported 328 
(Australian Government Department of Agriculture Fisheries and Forestry, 2009). However, this type 329 
of analysis provides a significant methodological challenge, because food products are often re-330 
exported from country to country, making the task of linking consumers with producers at an 331 
international level difficult (Chapagain and James, 2011).  332 
This work assumed that food waste is still valued at market value (i.e. has the same value as when 333 
purchased) and that food waste has the same composition as purchased products (e.g. wasted bananas 334 
are composed of a peel and pulp, and not only the peel). This is not always the case, and as such, our 335 
method is possibly overestimating food waste value. The problem could be reduced if we were able to 336 
account separately for avoidable and possibly avoidable food waste fractions. Unfortunately, such 337 
data is not currently available for Australia. 338 
 339 
This study only accounts for resources utilised (or emitted) up to the point of consumption (consumer 340 
purchase), with the environmental impacts of cooking food, or treating food waste (end of life) being 341 
outside the scope of the assessment. This is quite typical, but does have significant consequences. It is 342 
of particular relevance for GHG emissions estimation, which are likely to be significant for end use 343 
and disposal (FAO, 2013).  344 
The EORA database provided a good basis from which to perform a preliminary analysis.  However, 345 
it has some significant shortcomings.  The EORA database provides data for Australia as a whole, and 346 
is unable to allow modified sector or product disaggregation, nor can regional level estimations be 347 
performed. Because Australia has significant climate variations, the agricultural production 348 
techniques vary widely, hence utilising a whole of Australia database reduces resolution and accuracy. 349 
Because of this, it is recommended that future work is performed utilizing high detail and flexible 350 
EeIO tables, such as IElab (Lenzen et al., 2014). 351 
4. Conclusions 352 
In this paper we have made the case for using EeIO as an appropriate LCA framework to understand 353 
environmental and socio-economic footprints of food waste. 354 
Food waste embodied resources are significant, and today there are many claims that a reduction of 355 
food waste will produce positive environmental outcomes. We have provided evidence that to 356 
understand the consequences of food waste reduction, environmental impacts should be considered 357 
with socio-economic impacts, as there are trade-offs in the food supply chain, and depending on 358 
where food waste reduction occurs will have diverse impact for different actors.  359 
We have also suggested that such analysis needs to be inclusive, providing information disaggregated 360 
by food type and food supply chain stage. Our case study has shown that EeIO provides the required 361 
insight. 362 
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To understand food waste consequences, EeIO provides advantages over other LCA methodologies. 363 
Besides the already mentioned inclusiveness of the method and the capacity to differentiate between 364 
food types and food supply chain stages, it also provides consumer information, enabling 365 
determination of the final destination of the product (import or export), and provides a defined 366 
framework for analysis which permits the comparison of results between studies. The definition of a 367 
fixed method is considered a fundamental characteristic for benchmarking studies. 368 
The results presented here, though useful to indicate the magnitude of the issue and relative 369 
importance of different productive factors, need to be refined to enable higher resolution for policy 370 
making. Food waste data could be refined, the scope of the study broadened, and the EeIO database 371 
used needs to enable better disaggregation. 372 
The question of whether a reduction in food waste will produce positive environmental benefits is yet 373 
to be answered. This paper opens the door, by providing a framework for analysis, to research further 374 
avenues of food waste consequences including identification of intervention points to reduce 375 
environmental impact by reducing food waste and the socio-economic consequences of food waste 376 
reduction.  377 
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